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KXfisf OF uxauasfis 
During the last few decades, transport processes 
occurring across the biomonbranes have acquired much importance. 
Because of the applied significance of biomembrane, this field 
has attracted the attention of investigators from various 
disciplines e.g. Chemists, Biochemists, Biophysicists, Physiolo-
gists, Pharmacologists, Cardiologists and Chemical Engineers, 
To understand the behaviour and properties of biomembranes, an 
extensive work is available and work in this field is contribut-
ing significantly to physical well being of mankind. The review 
of a number of publications of the literature (1-10) shows that 
this field is developing by leaps and bounds and an additional 
chapter in this field is expected to appear. Extensive work has 
been done by a number of investigators on trace elements (11-15) 
in body tissues, isolation and purification of bio-membrane (16), 
transport processes in membranes (6-8, 17-20) and histopathologi-
cal properties including electiX)n-microscopic studies (21-28) 
and biophysical properties of model membranes (29-35). 
SIGNIFICANCE OF THE PRESENT STUDY: 
Duramater has gained great attention during the last 
half of a decade because of its useful role in the production of 
Cardiac valves (36-39). Tlhie literature has been reviewed in a 
number of publications revealing some in5)ortant properties and 
applications of durarnater e.g. mechanical suitability of glycerol 
preserved human duramater for construction of prosthetic cardiac 
valves (Ao). Morphological alteration in duramater encephali 
used as ventricular wall grafts in the canine heart (^1), the 
use of xenogenic cervical duramater, a new anisotropic tissue 
for heart valve prostheses (42), the use of dural allograft in 
surgical repair of large defect of the abdominal wall (43), 
surgical treatment by renal corsetage with lypholized humaui dura 
(44), the mechanism of dural permeability to narcotics and local 
anaesthetics (45), the use of duramater in repair of large 
vesical wall defects and in partial replacement of uretor (46-47) 
and study of cerebrospinal fluid pharmacokinetics and drugs 
peneteration of duramater in pig (48), 
These extra-ordinary publications of recent times may, to 
a great extent, contribute to the valuable and helpful roles in 
the production of bioprosthetic cardiac valves and in understand-
ing the behaviour of blood brain barrier which is so vital for 
transport of drugs and toxins in the central nervous system. 
It has been proved from clinical follow-up of patients 
that certain bioprosthetic cardiac valves (procine valve) get 
calcified with the passage of time. Altered calcium metabolism 
has been inplicated in the production of calcification. Attempts 
have also been made to examine tiie electron microscopic and histo-
pathologic alteration in calcified procine cardiac valves (49-50). 
Unfortunately, however nothing has been so far achieved in this 
connection. Bioprosthetic valves prepared from duramater are 
expected to prove superior to artificial because they will not 
require long term anticogulant therapy. Because of lesser 
financial implication in their manufacture and maintenance in the 
tJriird v/orld countries like ours, such valves are of special 
significance, 
Metals are important constituents of all biological tissue 
including bio-membranes, they affect biophysical properties of 
the biomonbranes by virtue of their electrophysiological effects. 
These metals are also important components of several metallo-
enzymes. They also have considerable effect on the active trans-
port through membrane by influencing the various membrane-
enzymes, Duramater has two vital functions. It provides the 
provision of physical protection to brain and controls active 
movement of fluid through itself. It is thus of great value that 
alteration in metal environment not only will influence the electro-
physical properties of this biomembrane but will also influence 
active transport through it by altering the function of various 
membrane enzymes. No study dealing with the effect of alteration 
of metal environment and electrolytes on physical, electrophysi-
cal and biochemical properties of duramater is so far available. 
The present study is significant not only in understanding the 
various biological functions of duramater but it will also help 
in understanding the mechanism which, in turn, will influence the 
long term prognosis of the cardiac valves prepared from dura-
mater. It has obvious therapeutic implications, 
DURAMAIER 
Duramater is a thick and dense enelastic membrane. The 
portion of it which encloses the brain (cerebrai-duramater) 
differs in several particulars from that which surrounds the 
spinal cord (spinal duramater). The spinal dura corresponds to 
the inner fibrous layer of the cranial dura, with which it is 
continuous at the foramen magnum. The vertebrae have their own 
periosteum .. Both inner and outer surfaces of the spinal dura 
are covered by a single layer of flat cells, and dura is separa-
ted from periosteum by a slender epidural space in which are 
anastomosing venous channels lying in fatty, areolar tissue (28), 
The cerebral duramater lines the interior of the skuHand 
serves the two fold purpose of an internal periosteum to the 
bones, and a supportive membrane for the brain. It is composed 
of two layers, an inner or meningeal and an outer or endosteal, 
but these are closely united, except along certain lines where 
they separate to enclose the venous sinuses wirdch drain the blood 
from the brain. The duramater adheres to the inner surfaces of 
the cranial bones, and sends blood vessels and fibrous processes 
into them, the adhesion being most marked at the sutures , at 
the base of skull, and around the foramen magnum. The blood 
vessels and fibrous processes are torn across when the dura-
mater is detached from the bones, and consequently, the outer 
surface of the membrane presents a rough and fibrillated 
appearance, the inner surface is smooth. The endosteal layer 
of the duramater is continuous through the sutures and the 
f ormina of the skull with the pericrani\am, and through the 
superior orbital fissure with the peristeal lining of the orbital 
cavity. The meningeal layer provides tubular sheaths for the 
cranial nerves as the latter pass through the foramina at the 
base of the skull. Outside the skull these sheaths fuse with 
the epineurium of the nerves, and the sheath of the optic nerve 
is continuous with the sclera of the eyeball. 
The meningeal layer of the cerebral duramater is re-
duplicated inwards as four processes or septa which partially 
divide the cranial cavity into a series of freely communicating 
spaces for the lodgement of the subdivisions of the brain, 
(1) The Falx Cerebri, so named from its sickle like form, is a 
strong, arched process of duramater which descends vertically 
in the longitudinal fissure between the cerebral hemispheres. 
It is narrow infront, where it is fixed to the crista galli of 
the ethmoid bone, and broad behind, where it blends in the 
median plane with the upper surface of the tentoriiM cerebelli; 
the narrow, anterior part is thin, and is frequently perforated 
by numerous apertures. The upper margin of the falx cerebri is 
convex and attached to the inner surface of the skull on each 
side of the median plane, as far back as the internal occipital 
protuberance, the superior sagittal sinus runs along this margin. 
Its lower margin is free and concave, and contains the inferior 
sagittal sinus. The straight sinus runs along its attachment to 
the tentoriiAm cerebelli. 
(2) The tentorium cerebelli is a crescentic, arched lamina of 
duramater which covers the cerebellum, and supports the occipital 
lobes of the cerebrum. Its concave, anterior border is free, 
and between it and the dorsum sellae of the sphenoid bone there is 
a large oval opening, the tentorial incisure, which is occupied by 
the mid brain and the anterior part of the superior surface of 
the vermis of the cerebellum. Its convex outer margin is attached 
(a) posteriorly, to the lips of the transverse sulci of the occipi-
tal bone and the postero-inferior angles of the parietal bones, 
where it contains the transverse sinuses; (b) laterally, to the 
superior borders of the petrous parts of the temporal bones, 
where it encloses the superior petrosal sinuses. Near the apex 
of the petrous part of the temporal bone, the lower layer of the 
tentorium is pouched forwards and laterally, beneath the superior 
petrosal sinus, to form a recess between the endosteal and 
meningeal layers of duramater of the middle cranial fossa. This 
recess is called the trigeminal cave and envelops the roots of 
the trigeminal nerve and the posterior parts of its sensory-
ganglion; it is a little more extensive belov/ than above the 
ganglion. The evaginated meningeal layer terminates by fusing 
with the anterior part of the ganglion. At the apex of the 
petrous part of the temporal bone the free border and attached 
periphery of the tentorium cross each other; the anterior limits 
of the free border are fixed to the anterior clinoid processes 
of the sphenoid bone, whilst those of the attached periphery end 
on the posterior clinoid processes of that bone. 
(3) The falx cerebelli is a small, sickle-shaped process of dura-
mater which is situated below the tentorium cerebelli, and 
projects forwards into the posterior cerebellar notch. Its base, 
directed upwards, is attached to the posterior part of the infe-
rior surface of the tentorium cerebelli, in the medium plane, 
its posterior margin contains the occipital sinus, and is fixed 
to the internal occipital crest; its apex frequently divides 
into two small folds, which are lost on the sides of the foramen 
magnum. Hasan and Das found the falx cerebelli double in 76 of 
100 cadavers, 
(4) The diaphragma sellae is a small, circular, horizontal fold 
of duramater, which forms a roof for the sella turcica and almost 
completely covers the hypophysis, a small opening in its centre 
transmits the infundibulum. 
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TPiE STRUCTURE OF THE DURAMATER 
It is basically fibrous, wiriite collagen fibres predomi-
nating with an admixture of elastic fibres. The collagen fibres 
are densely arranged in laminae, in which the fibres are often 
arranged in a parallel manner, with wide angles between these 
groupings in adjacent laminae, producing a latticed appearance 
particularly easy to see in the tentorium cerebelli. The 
cerebral duramater is often described as consisting of two layers, 
an endosteal layer acting as the periosteum of the cranial bones 
to which it is attached, and a meningeal or cerebral layer inter-
nal to this. This description owes more, perhaps, to the separa-
tion where venous sinuses occur and to the splitting of the cere-
bral duramater at the foramen magnum and optic canals than to any 
marked histological differences (28,51), The smaller branches of 
the meningeal vessels are, of course, largely in the endosteal 
region, since they are, despite their name, primarily periosteal 
in distribution. Fibroblasts occur throuiihout the duramater, but 
osteoblasts are naturally confined to the endosteal level. The 
elastic fibres separate the laminae of collagen fibres, wliich are 
also and more extensively separated by lacunar spaces considered 
by some to be continuous with the subdural space (vide infra). 
These spaces are mainly confined to the inner* part of the dura-
mater. In sum, therefore, there are a number of features which 
distinguish the external from the internal levels of the dura, but 
there is no discontinuity or any other kind of boundary upon 
which a clear distinction of a bilaminar nature could be based . 
At all foramina in the cranium the endosteal element is conti-
nuous through them with the external periosteum. At the sutures, 
before their fusion, the endosteal element is continuous with the 
sutural membrane, and the duramater is more strongly attached at 
these locations. Elsewhere it is more easily detached from the 
cranial bones. The meningeal element is continuous through the 
appropriate foramina v/ith the dural sheaths of the spinal cord and 
the optic nerves. At other formina it is said to be 'pierced' 
by the nerve or vessel passing through them, but is perhaps more 
accurately described as becoming continuous with perineurium or 
adventitial sheaths. Though in close aPPOsition to the arachnoid-
mater internal to it, the duramater is very easily separated from 
the former, as exemplified by the occurrance of subdural hae-
morrhages between them. Although contrary views have been 
recorded, there is little doubt that a layer of flattened 
'mesothelial' cells is a constant feature of the internal aspect 
of the duramater and that small amounts of fluid, though as a 
mere capillary film, usually exist as a zone of potential sepa-
ration between arachnoid and dura. The existence of epithelial 
cells in this region, have been confirmed by electronmicroscopy. 
These are regarded as neurothelium. These are described as 
arranged in several irregular layers, with abundant intercellular 
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spaces, devoid of collagen fibres. The cells display tonofila-
ments and desmosomes, but these are considered as the epithelium 
is fragile and easily torn apart to produce a 'subdural space' 
(51,52). 
The subdural space is a potential space between the dura-
mater and arachnoidmater. It contains a film of serous fluid 
which moistens the surfaces of the opposed membranes. It does 
not appear to communicate with the subarachnoid space, but is 
continued for a short distance on the cranial and spinal nerves, 
and is in free communication with the lymph spaces of the nerves. 
Around the optic nerve it is continued as far as the back of the 
eyeball. The significance of subdural space in terms of function 
remains a matter of argument rather than demonstration. Possible 
connexions with venous channels on the one hand and with hypothe-
tical lymph spaces in the substance of the duramater on the other 
have been claimed and disclaimed (53). The evidence of electron 
microscope observations is against the occurrance of any specia-
lized cells of epithelial type in the duramater, apart from its 
arachnoid surface, all the dural fibroblasts being of similar 
appearance. The dural lacunae may in fact be artefacts, certainly 
the evidence available refutes the passage of significant amounts 
of a lymphatic fluid from the dura into the subdural or subarach-
noid spaces (5.4). In the case of spinal duramater, however, 
there is undoubtedly a lymphatic drainage in regard to the extra-
dural adipose tissue, and this may also include the dura itself 
(55). 
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STRUCTURE OF BIOLOGICAL MHVJBRANE 
In general^membranes may be classified as natural and 
artificial membranes. Natural membranes existing in biological 
systems (biomembranes) are considered to have a fundamental unit 
membrane structure which is a biomolecular leaflet of lipid with 
their polar groups oriented towards the two aqueous, the extra-
cellular and the intracellular, phases of the cell; protein is 
supposed to existdose to the polar heads of the leaflet (56-58). 
To understand functional activities of a biomembrane, 
knowledge of its structural organization is very important , The 
first important model explaining membrane organization and 
functions v/as postulated by Danielli and Davson (59). An impor-
tant of it is the proposal that membranes contain a continuous 
hydrocarbon phase contributed by the lipid components of the 
membrane. Some years later tiiis hypothesis v/as modified and re-
fined, particularly by Robertson (60), into the unit-membrane 
hypothesis. The unit membrane was proposed to consist of a bi-
layer of mixed polar lipids, v/ith their hydrocarbon chains ori-
ented inwards to form a continuous hydrocarbon phase and their 
hydrophilic heads oriented outward. Each surface was thought 
to be coated with a monomolecular layer of protein molecules, 
with the polypeptide chains in extended form. Later other inves-
tigators proposed globular or subunit model, in which membranes 
were viewed as consisting of sheets of recurring lipoprotein 
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subunits ox diameter- 4.0 to 9.0 nm, resembling the subunit 
structure of some oligometric proteins or the coats of some 
viruses. However, globular models have failed to account satis-
factorily for many properties of membranes, 
S.J. Singer and G.L, Nicolson (61), postulated the most 
acceptable and satisfactory model of moBbrane structure to date 
appears to be the fluid mosaic model. This model postulates that 
the phospholipids of membranes are arranged in a bilayer to form 
a fluid, liquid-crystalline matrix or core. In this bilayer 
individual lipid molecules can move laterally, endowing the bi-
layer with fluidity, flexibility, and a characteristically high 
electrical resistance and relative impermeability to highly polar 
molecules. The fluid-mosaic model postulates that the membrane 
protein are globular, to account for their high content of 
helix. The various membrane proteins v/ould form a mosaic- like 
structure in the otherwise fluid phospholipid bilayer. This 
mosaic is not fixed or static. The fluid mosaic model accounts 
satisfactorily for many features and properties of biological 
membranes. It provides for membranes with widely different pro-
tein content, depending on the number of different protein mole-
cules per unit area of membrane, it provides for the varying 
thickness of different types of membranes; it can account for the 
electrical properties and penneability of membranes and it also 
account for the observation that some protein components of cell 
membranes move in the plane of the membrane at a rather high rate 
(6). 
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Rouser aiid co-workers (62) have suumiarised their 
considerable analyses of many membrane systems as under: 
1) All animal cell membranes contain phospholipids. The same 
classes of phospholipid are found in vertebrates and inverte-
brates. Some membranes (e.g, myelin) contain glycolipids 
vmereas others do not. Only certain membranes contain sterol. 
2) Plasma membranes, (cell surface) of the endoplasmic reticulum, 
nuclear membranes and mitochondrial membranes from the same 
species have different compositions. All differ quantitative-
ly and to some extent qualitatively in the classes of lipid 
present e.g. Plasma membranes or elaboration of these appear 
to contain most of the glycolipid of the cell, 
3) The proportion of the different phospholipids vary greatly 
and the total amount as well as the types of both ceramide 
polyhexosides and gangliosides is very different in different 
species. Data from whole organs indicate that plasma mem-
branes from different cell types of the same species may vary 
in composition, 
4) The fatty acid composition of each class of lipids from 
different organelles and organs of one species, as well as 
from different species, is variable. This is true even v/hen 
the classes of lipids are the same in the different structures, 
Individuality is thus e3q)ressed most clearly in differences 
in fatty acid composition. 
l A 
Compositions; Host of the membranes contain about Ao percent 
lipid and 6o percent protein, but there is considerable varia-
tion. At one extreme the inner mitochondrial membrane contains 
only about 20 to 25 percent lipid, and at the other the myelin 
membrane surrounding certain nerves may contain upto 75 percent 
lipid. The lipids of membranes are largely polar, phosphoglyce-
rides, predominate, with much smaller amounts of sphingolipids. 
In fact, nearly all the polar lipids of cells are localized in 
their membranes. Endoplasmic reticulum and organelle membranes 
contain relatively little cholesterol or triacylglycerol, v/here-
as the plasma membrane of some cells of higher animals contains 
much cholesterol, both free and esterified. 
Membrane can be classified in two categories. The 
extrinsic or peripheral proteins are only loosely attached to the 
membrane surface and can easily be removed in soluble form by 
mild extraction procedure. The intrinsic or integral proteins, 
which make up 70 percent or more of the total membrane protein 
are very tightly bound to the lipid portion and can be removed 
only drastic treatment (61). 
The isolation and characterization have been studied by 
the histocompatibility antigens of plasma membranes (63-65). 
These molecules are glycoproteins and are exposed on the outer 
surface of the membranes. Possibly, they are associated v/ith 
membrane particles (66) as are the glycoproteins of the erythro-
cyte membrane. T\fo main glycoproteins are found by SDS-gel 
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electrophoresis in the membranes of rat liver and kidney cells 
(67), Kela cells (68) and mouse liver cells (69) of membranes. 
Electix)n microscopy has revealed that membranes have a trilami-
nar structure with a total thickness between 7.0 and 9.0 niii, 
depending on the type of membrane. 
Transport Phenomena through Biological Membranes 
The cell is a locus of cnemical structure and ftmctions 
in which continuity of propertiesis maintained in the midst of 
drastically different and ever changing environment. One impor-
tant mecihanism by which the cell achieve the constancy is due 
to the regulation of movement of materials into the cell and out 
of it. Even within the cell,materials are not uniformally distri-
buted. Here also a precise regulation of interchange of material 
is encountered. To achieve this regulatory control the cell 
utilizes its delicate membrane of about 75A in thiclaiess. 
At one time it was thought that the movement of substances 
thi'ough tiie membranes was determined solely be concentrations 
gradient, but movement against concentration gradient have been 
observed in most biological tissues or biomembranes. For example 
K is usually accumulated in plant and animal cells to a concentra-
tion many times higher than tliat of the medium surrounding the 
cell such transport requires energy by the cells and has been 
called active transport or net metabolically linked transport, 
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while that v/liich responds to a concentration gradient is passive 
transport. The passive transport is misleading in the case of 
cells, because while the cell may be passive with respect to the 
movement, no directional movement across cell membrane occurs 
v/ithout the expenditure of energy by the molecules involved. 
Kinetic energy accounts for the random movement of the molecule 
and the chemical potential energy of higher concentration of a 
particular substance outside the cell than inside the cell. This 
gives effective direction to the movement, is dissipated as the 
molecule of that substances outside of the cell move into the 
cell and reduces the concentration gradient of substances between 
the outside and the inside of the cell. The term active trans-
port is used in different ways by various authors but no satis-
factory definition has been given as yet (70), 
Advanced and complicated loiov/ledge concerning the nature 
of active transport is now available. With more advanced know-
ledge, many issues have been settled but several controversies 
are yet to be solved. There seems to be general consensus that a 
carrier is involved in both facilitated and active transport and 
the carrier is protein. It seems that the carrier protein is 
itself not an enzyme but linked to an enzyme or enzymes and thus 
energy from ATP or from some similar higli energy phosphate bond 
is made available for active transport. Considerable evidence 
has accumulated pointing to the Na-Pump as primover suggesting that 
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the movement of otner molecule is the case of co-transport but 
situation is not general and the problem remains open. 
A number of theoretical approaches have been given which 
can collectively be summarized as (a) Irreversible thermodynamic 
approach (8), (b) Chemical engineering approach (8), (C) Acti-
vation barrier kinetic approach (8), (d) Phenomenological equation 
of motion approach (8), The thrust of the theoretical descrip-
tion has been the interpretation or explanation of transport 
processes and the measured effect resulting from the pressure 
differences, temperature differences, activity differences, poten-
tial differences and current through membranes. 
Apart from various theoretical concepts used in the 
investigation of membrane. One of the most important approach 
in the membrane study is the application of electrochemical prin-
ciple. Electrochemistry in the membrane study is pertinent at 
tl:iree levels (71). 
(1) The development of teciinique with application to experimental 
phenomenology including current voltage time concentration 
behaviour, 
(2) Mathematical modelling implied by experiments and tested 
against experiments, 
(3) Experimental varifications of models in terms of molecular 
processes and properties and also includes determination of 
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theoretical parameters by electrical method and by comple-
mentary non-electrochemical methods e.g. Physical, Optical, 
ESR, NI4R , Raman, Fluorescence, T-jump techniques etc. The 
role of kinetic and equilibrium parameters can be deduced or 
inferred from transient and steady state measurements of 
current and membrane potential as a function of chemical com-
position, chemical treatment and temperature. A possible 
approach to modelling begins with the assumption of membrane 
as a linear systems to which laws of network theory (72) may 
be applied. Another approach begins by solution of basic 
electrodiffusion law of transport with equilibrium or kinetic 
boundary condition, in order to deduce forms for system and 
function which satisfy the data. 
It is too extensive to mention the whole literature describ-
ing the transport phenomena. The significant work in this field 
is given as follows: 
V/ilbrandt and Rosenberg (73) reviewed the general features 
of carrier transport systems, both equilibrating tmd transpoi'ting 
uphill. They also compared reported observations. It was pointed 
out that a number of kinetic features are shared by "absorption 
systems" which involve binding of substrate at fixed sites rather 
than on mobile carriers, but that counter transport and competi-
tive activation are criteria for mobile binding sites. A number 
of pertinent observations reported in the literature were discussed 
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(74), Recent observation mentioned here concerning counter 
transport (75-78) which were not interpreted by some authors along 
the same lines, are also pertinent in this context, 
Katchalsky et al, (79,80) elaborated their description 
of biological transport processes in terms of irreversible thermo-
dynamics. For biologists with limited mathematical sophistication 
Katchalsky (81) has summarized the most important aspects of his 
work, A number of consideration based on the concept of irrever-
sible thermodynamics have been entertained. 
Rosenberg and Wilbrandt (82) correlate facilitated diffu-
sion with active transport by assuming a conversion of a "non-
active" carrier to an "active" one. 
The transport system for mammalian tissues appear to be 
constitutive and finnly boxind to the membrane. In general the 
transport systaas for most of the amino acids in microorganism are 
constitutive, while for sugars only glucose transport activity 
appears to be constitutive (83). The rest of the sugar transport 
systems are inducible. 
Earlier kinetic studies on animal cells provided evidence for 
membrane mediation of solute transport (84). The nature of the 
membrane components, which have been termed "carriers", is not v/ell 
defined. These kinetic studies have, however, provided us with a 
description of the number and kinds of transport systons present 
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i n the membrane as well as a bas i s for recogni t ion of the 
receptor s i t e s (85). 
A number of s tudies on perfused hea r t s of r a t s v/ere 
reported from Park ' s laboratory (86,87) and summarized by i-lorgan, 
Post and Park (88). I t v/as found tha t i n s u l i n increases the 
r a t e of glucose uptake several fold. 
The important re la t ions l i ips between the a l k a l i metal ions 
and the physiology of animal c e l l s have long been recognized. A 
very extensive coverage of the subject of t he (Na -K ) ATPase 
and a l k a l i metal ion t r anspor t has been made by Bonting (89). 
Addit ional reviews covering t h i s area are the follov/ing, Heinz 
(90) , Albers (91), Post (92), V/hittam and V/heelar (93). 
Transport of calcium in to ves i c l e prepara t ions of sarco-
plasmic reticulum has been extensively studied by Hasselbach and 
Kane - Zawa et a l . (94,95). These ves ic les contain a magnesium 
and ATP-dependent t ranspor t systems for calcium wldch can pix)duce 
and maintain large calcium grad ien t s . 
Zerahn (96) and covrorkers have designed a method for 
d i r e c t study of Li and Na content of frog skin . Ussing (97) a t 
Harvey l ec tu re summarized h i s v/ork about the water and e l e c t r o l y t e 
t r anspo r t in frog skin. He considered e p i t h e l i a l l ayer of frog 
+ 
sk in as a two membrane system v/here Na enters the f i r s t l i v ing 
c e l l layer by a sodium, se lec t ive membrane. From t h i s layer the 
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Na either flow into next cell layer via cell "bridge" or can 
extrude into the interspaces which is open towards the inside. 
The basal membrane represents another tight resistance to free 
flow of Na and is the site of the pump. 
Chock and Titus (98) gave an idea of mechanism of ion 
transport ti.rough biological and artificial membrane and also 
discussed the effect of alkali cation on enzymic activity and Na 
dependent transport of polar organic substances, Larsen and 
Rasmussen (99) studied about the role of membrane potential for 
chloride transport across toad skin, Hernandez et al, (100) 
measured the apparent transport numbers for a homogenious passive 
membrane separated by binary electrolyte (NaCl), Torres et al, 
(101) carried out the electrophysiological characterization of 
ion transport (Na and Cl~) across isolated frog skin, Devillarde 
et al, (102) measured the membrane potential and deduced the 
ionic transport numbers inside the proteic phases. Navebska, 
Koter and Kujawski (103) studied the isothennal transport of ions 
across the perfluorinated Nafion membrane in contact with NaCl, 
on the basis of irreversible thennodynamic transport, NsJcagaki 
et al, (104) got an information on the assymetry of the membrane 
structure by analyzing the assymetric membrane potential, Santha 
Kumari, Sheela and Radhakristina Murty (105) reviewed the mechanism 
of ion transport across cell membrane with reference to nerve 
cell. Ussing (I06) determined the e,m.f. of active Na transport 
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in skin epithelium v/ith the help of steady s t a t e f lux equation, 
Zeevi , Ameera et a l , (107) discussed the s e l ec t ive t ranspor t 
of Li across l i p i d b i l aye r membrane. The e l e c t r i c a l p rope r t i e s 
e ,g , capacitance, r e s i s t ance and conductance of bimolecular 
phospholipid membranes v/ere measured by Laugher et a l , (108), 
Benavente (109) measured membrane p o t e n t i a l of porous membranes 
and ca lcula ted apparent t r anspor t number of ca t ion from d i f fu-
s ion p o t e n t i a l equation within the frame work of thermodynamics 
of i r r e v e r s i b l e process . 
Theories: A steady electromotive force (e,m.f,) arises 
between solutions of an electrolyte of different concentrations 
at constant tanperature and pressure when they are separated by 
a uniform membrane that contain fixed ionizable groups, Txiis 
e,m,f, usually called the membrane potential, has been the sub-
ject of many theoretical and experimental studies (110-112), 
The electrical potential arising across the membrane separating 
different salt solution are usually measured by contributing a 
cell of type. 
Reference 
Electrode 
Solution Kembrane Solution 
Co 
uij 
Electrode 
potential 
Reference 
Electrode 
Donnan 
potential 
J. 
Donnan Electrode 
potential potential 
Diffusion 
Potential 
J 
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The reference electrode may be revers ib le electrode e i the r 
Aii-AgCl in chlor ide solut ion or calomel e lec t rode , connected to 
the solut ion via KCl-Agar Bridges. In the case of calomel 
e lect rode c e l l po t en t i a l give d i r ec t l y the membrane p o t e n t i a l 
( l i qu id junct ion po ten t i a l being ignored) . These type of the 
measurement are used to charac ter ize the s e l e c t i v i t y of the mem-
brane . The magnitude and sign of the p o t e n t i a l depends upon the 
nature of the membrane and permeating species . 
Various membrane phenomena have been successfully cor re -
l a t e d in a quan t i t a t ive manner by the thermodynamics of i r r e v e r -
s i b l e processes (113-116). This type of treatment hov/ever, does 
not provide information about the actual mechanism which produces 
observed membrane p o t e n t i a l . The e a r l i e r theory of Teorel l (1 17) 
and Meyer and Si ever s (33) popularly known as T.Ki.S. theory and 
i t s various refinements (110-112), which a l l had been based on a 
f ixed charge membrane model, were c r i t i c i z e d by H i l l s (118), who 
showed tliat these theo r i e s are inadequate to explain experimental 
r e s u l t s on merabranes in v/hich the re i s an incomplete ionic s e l e c -
t i v i t y . Kobatake (119) in tegra ted flow equation provide by t h e r -
modynamics of i r r e v e r s i b l e processes to derive an equation for 
t h e membrane p o t e n t i a l . 
The work described in t h i s d i s s e r t a t i o n i s mainly concerned 
with the t ranspor t s tudies through the membrane and potent iometr ic 
evaluat ion of membrane charge densi ty . The metJriods used are of 
Ik 
( i ) Kobatake et a l . (31,35,120) and ( i i ) Nagasawa et a l . (30) 
based on the thermodynamics of i r r e v e r s i b l e process . Brief 
account of the various theor i e s involved in ( i ) and ( i i ) methods 
a re given as xinder: 
Kobatake et a l . (31) derived the following f ina l expre-
ss ion for membrane po t en t i a l as given by equation (1) 
where 0^=— - - - (2) 
1 +1 
+ 
andyS = 1 + ( K F G / 1^ ) (3) 
where a^ , /3 and G are the parameters and have been assumed to be 
independent of s a l t concentra t ions , AG) i s the membrane p o t e n t i a l , 
Cp and C. are the concentrat ion so t h a t C2/ C^  = 10, R, T, and 
F have t h e i r usual meanings, 1^ and 1_ are the ionic mobi l i t i e s 
of + ve and -ve ions . Kobatake et a l , (31) derived two l imi t ing 
forms of equation (1) (a) when Cp becomes su f f i c i en t ly small with 
Y= '-'p/^i ^ixe<i» equation ( I ) may be expanded t o give equation (4) 
as 
where 
I A / ; _- ^ . . .(5) 
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equation (4) ind ica tes t ha t in t e rcep t of p lo t )A(Z)-r I vs Cp 
give the value of y3. 
(b) I t has also been shown by Kobatake et a l . (31) tha t at^T 
f ixed, the inverse of an apparant t ransference number ("t ) 
fo r the co-ion species in the membrane i s propor t ional to the 
inverse of the concentra t ions . Here t i s given by equation. 
| A / J = ( 1 - 2 t^pp ) I n ^ (6) 
s u b s t i t u t i n g for Aj2)from eq, (1) and expanding the r e su l t i ng 
expression for 1/. i n powers of r; gives equation (7) as , 
^app ^2 
1/ = - L + iljdkjll±S±LLiJl± { - ^ ) , - - ( 7 ) 
^ a p p ^ - ' ^ 2 ( 1 - X . ) 2 i n i r ' ^ ^ ' 
equation (7) indicates that intercept of plot 1/^ vs — 
app ^2 
give the value of °(J , and if this predetermined value of oC and 
/3is put in eq. (4) and eq. (7)» 0 can be calculated. The two 
valuesof 0 obtained in this way from opposite limits should 
agree with one another, 
Kobatake and Kamo (35) derived another equation for 
membrane potential (Em) starting with basic flow equation pro-
vided by thermodynamics of irreversible processes and using 
different set of assumptions namely (a) a contribution of mass 
movement is negligible and (b) small ions do not behave ideally 
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in charged membranes (35). Their results is, 
Em = - S ^ ^"In ^ + ( 2 ^ - 1 ) In ^ ^ ^ — ^— 
/ 4 C ^ ^ +j2^^x^+ ( 2 ^ - 1 ) j / } 
F - C^  
A c / + GI^  X ^ + j /x 
- In ^ ^ ^ (8) ' 
/ 4 C / +jZf^x ^ +/x 
where j21 is the characteristic factor of membrane electrolyte pair 
and represents the fraction of coxmter ions not tightly bound to 
the membrane skeleton. The GTX is thermodynamically effective 
fixed charge density of membrane and other term have their usual 
significance. For)6 = 1 eq. (8) reduces to TMS membrane potential. 
Since it is difficult to calculate ©X using eq. (8), so Kobatake 
and Kamo proposed simple method using following approximate equa-
tion for diffusion contribution to emf, of cell with transport. 
Em = . - ^ ( 1 - 2 i^pp) m - ^ - - - (9) 
Where T i s apparant t ransference number of co-ions in meaibrane 
app -^ -^  
phase comparison of eq. (8) and (9) give 
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A ^ ^ ^ ^ ^ + 2c^-1 A ^ p ^ + 1 + 1 
^ 1 - 2 ^ ^ ^ / + 1 + 2cC- 1 y 4 ^ ^ 2 _ ^ 1 + 1 
' ^app=~i — 3 + :^  (10) 
^^ ^ In 0 2 In ^ 
where ^ = C / / x 
When the concentration of external s a l t so lu t ion i s la rge as 
compared to JZ^X , i . e . when C^ /^ zfX = ^^/>)>1 then eq, (10) i s 
expended t o 
1 1 
The equation (11) ind ica tes t h a t p lo t of rj vs-r— with a 
app ^1 
f ixed ^ give a s t r a igh t l i n e and the values of oC and^X in the 
concentrated solut ion for a given combination of membrane e l e c t r o -
l y t e can be determined from in te rcep t and slope of the l i n e . 
On the other hand (35,120) the mass fixed t ransference 
number of co-ion in the negat ively charged membrane immersed in 
an e l e c t r o l y t e solut ion of concentration C i s defined by 
'^app = V C - / (Uc^ + VC- ) (12) 
where C +and C- are the concentrations of cation aiid anion 
respectively in the membrane phase. This equation is transformed 
to 
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Using equation given by Kobatake et al. (35,120), for activity 
coefficients, mobility of small ions in membrane phase, and 
equilibrium condition for electrical neutrality. The difference 
between T' from eq, (1j5) and t from eq, (7) for various 
reduced concentrations t_ is found to be less than 2%, Therefore 
'^oT^ r^  ^"*^  "^ar^^^  ^ ^^ coHsidered to be practically same. Arrangements 
app o-pp 
of eq. (13) leads to the definition of permselectivity (Ps) by 
expression 
_ 1 - app '^  ^ _ _ _ ^ ^^ ^ 
( 4 ? ^ . 1 )^2 ^_ (2^-1)(1-T'^pp) 
The equation (14) can be used to find the pennse lec t iv i ty (Pg) 
from the membrane po ten t i a l measurements using eq. (7 ) . I f the 
t r anspor t number of co-ions i ^ or t ) i s zero. The mem-
^ ^ app app 
brane will be perfectly selective and hence Pg tends to be unity. 
While if transport number of co-ion has value in free solution 
the Pg tends to be zero. Therefore one may consider that Pg 
defined by eq, (14) takes a value betv/een zero and unity depending 
on external salt condition for a given systsu of membrane and an 
electrolyte pair. 
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Recently Nagasawa et al, (30) developed another metiiod 
for evaluation of charge density (^X) of the membranes. If a 
membrane separates two aqueous solution of different concentra-
tions of an electrolyte, Nagasawa et al, (30) gave two extreme 
criteria (a) at the limit of low concentration, it was found 
that 
-Em = - ^ In ^2 /C^ (15) 
F 
where Em i s the membrane p o t e n t i a l , (b) At high concentrat ions 
of e l ec t ro ly t e eq, (16) i s appl icable as , 
. E n . / 1 ^ = - ^ ( -^) - i - (16) 
' -^ T F ^ 2 ' C ^ 
equation (16) predicts a linear relationship between Em/ —^—- vs 
0 
1— , from which pX can be evaluated. 
The work described in this dissertation is mainly 
concerned with transport studies through biological membranes 
with special reference to buffalo- dura. The various ionic 
processes (a) ionic transport, (b) membrane potential and (c) 
spatial distribution of ions and potential with the duramater 
have been thoroughly investigated by taking different concentra-
tion ratios of uni-univalent electrolytes. The most important 
parameters governing the diffusion of electrolytes, in the dura-
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mater is the electrical charge on the membrane, Thermodynaxuically 
effective fixed charge density have been calculated by (a) 
Kobatake et al., (b) Kagasawa et al., and (c) Kobatake and Kamo 
based on thermodynamics of irreversible processes. Applicability 
of Kobatake et al, and Nagasawa et al, theory have been tested on 
this membrane. 
Other thermodynamic parameters of simple ion diffusion e.g. 
energy of activation Ea , free energy of activation AF/ , 
Enthalpy of activation A H' , and Entropy of activation A s^ will 
be evaluated. In order to establish structural complexities and 
characteristics of duramater, conductance, inductance, capicitance 
and impedence measurement, will be made.Biochemical and histopatho-
logical studies of this membrane will be further investigated. 
Biochemical studies will include estimation of protein content, 
amino acid profile, carbohydrate, fat content, monovalent, divalent, 
trivalent electrolytes, ATP and ATPase, and trace metal estimation. 
The histopathological studies will include the light as well as 
electron microscopic structure of this membrane. 
MimnXiLS AND MBXIBD8 
31 
EXPERIMENTAL 
The duramater was removed carefully from experimental 
animal (i.e. baffalo aged between about 12-18 months). The 
membrane was immediately submersed in ice-cold ringer solution 
(121-122) of 7,4 + 0.2 pH for preservation of the membrane 
tissues. The ringer solution (for duramater) had the following 
composition in gms/lit. NaCl 8,1, KCl 0.25, CaCl^ 0,14, Glucose 
0.61, MgClp 0.11, NaHCO^ 1.76, Sodium hydrogen phosphate 0.07, 
Urea 0.13, The membrane preserved in Ringer solution was kept 
at lov/ temperature before the proceeding of experimental work. 
APPARATUS AND EXPERIMENTAL METHOD: 
The diagram of the apparatus used for the measurement 
of membrane potential is shown in Fig. A. It consists of two 
half cells. The vertical female joints A and A« attach to the 
each half cell provide for pouring of electrolyte solutions and 
calomel electrode B^ and Bp. The test membrane in the form of 
disc was installed between the flangs of half cell. Both the 
solutions were stirred vigorously. 
The concentrations of the different electrolyte solutions 
was kept at 10 fold difference (i.e. ^2^^^ ~ ^^^ ^"^ ^^ ^^^ main-
tained. The measurements were made using Osaw Vernier Polentio-
meter CAT. no, 30071, the whole cell was immersed in water ther-
mostat bath maintained at 25° + 0.1°C. The various salts solution 
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(NaCl, KCl, NH^Cl, KNO^, KF, NaF, Na^SO^) were prepared from 
B.D.H, or A.R, grade (India) Chemicals in deionized water. 
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MEASURa^ IElSfl OF MflViBRANE POTENTIAL; 
The membrane was washed 5-6 times with deionized water 
for the removal of ringer solution before observing the membrane 
potential. The potential developed by setting up a concentration 
cell of type described by Sollner and Gregor (123), Michaelis 
(124) and Marshall and Ayers (125) was taken as a measure of 
membrane potential. 
Electrochemical cell of the type was.used for measuring 
S,C,E, Solution 
C. 
Membrane Solution 
Co 
S,C,E, 
C2 = 10 C^ 
membrane potential. The same electrolyte with different concen-
tration was used on both side of membrane. The dilute side is 
taken as negative. The washed membrane was cut into disc type 
coincised with mouth of the cell, and tightly held by hard clips. 
Thus membrane potential was measured. The experiments were re-
peated with fresh solution of electrolyte and maximum potential 
attained was recorded for 30 minutes for each sets. 
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Though in this work a natural membrane has been used 
in contrast to a model membrane used by Kobatake (31,35,120), 
the results obtained are very much in agreement. The results 
also in general confirm the basic requirements of the Kobatake 
(31,35,120) theories of membranes. 
The values of membrane potential ( ^)^) measured across 
duramater separating different concentration of 1:1 electrolytes 
1^ -^  ^2 
are plotted as a function of log with the ratio of 
= "^ p/^ l ^^^^^ ^ "^  ^^' Fig^ J^ es 1 & 2 show' a plot of log -— 
vs. membrane potential ( ^^) or (Em) in millivolts. It is 
C + C2 
'observed that as the value of log increases the membrane 
2 
potential decreases after an initial increase. This is very much 
expected because the conductivity of an electrolyte is a function 
of concentration and as the conductivity increases the potential 
of the membrane decreases. Another interesting observation is 
that the membrane potential generated across duramater has a 
negative value when the membrane is used to se>parate concentrated 
solution (concentrated side taken as positive). This means that 
duramater is a positively charged membrane (anion selective) 
Beg et al. (126). 
Kobatake et al, (31) derived the equation (1) as described 
previously for membrane potential {^^) which arises between two 
solutions of 1:1 electrolyte of different concentration C. and Cp 
that are separated by a membrane. For the analysis of data of 
-25 
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< 
uj ' ' 
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Fig. 1 & 2. Plots of observed potentials against log C1+C2/2 foe 
various electrolytes with duramater^_^ 
A1 
eq. (1) under two conditions (a) in the dilute range (b) in the 
concentrated range, two limiting forms of eq"(1) i.e. eq. (4) 
and eq. (7) were obtained respectively to (a) and (h). (a) In the 
extreme dilute range eq. (A) indicates the values of /3 and a 
relation between "^  and 0 can be obtained by evaluating the 
intercepts and initial slope of a plot for | A C5^  | against C^. 
Figure 3 shows a variation of reduced membrane potential (A^r ) 
with variation in concentration for low concentration of electro-
lyte. With the increase of concentration, changes but the 
change is not so significant. The value of intercept is equal to 
— In ^  , from which A may be evaluated. The va].ues of y3obtained 
for dural-membrane for six uni-univalent electrolyte are given 
in Table 7, (b) It is well known experimentally that at fixed 
V , the inverse of an apparent transport number, (i.e. t^^_) of 
app 
co-ion species i s proportional to the inverse of concentration Cp, 
when the sal t concentration i s high. Here t^^^ i s defined by 
app 
eq. (6). The transport number (t ) can be calculated from 
eq, (6) for various electrolytes with the membrane. The values 
of t calculated are listed in Table-8. Figures 4 & 5 show the 
app 
variation of inverse of an apparent transference number of ion with 
variation in inverse of concentration Cp. As the inverse of the 
concentration increases the inverse of the apparent transference 
number also increases. This has been observed only at higher 
concentration range and this phenomenon when tried in dilute range 
was found to be absent. This may be because of the concentration 
MaCl 
KNOo 
KF -^  
A KCI 
o NaF 
" NH^Cl 
C-.X102 
F i q . 3 . Plots of A)^r /2.303^2 2 
C2XIO for various e lec t ro-
ly tes With durainater. 
O L 
Fig-5 « NaCi 
• NH/Cl 
o NaF 
Q. 
O 
30 
2-5 
20 
50 
I/C2 
too 
F i g . 4 & 5. Plots of 1/tapp Vs 1/C2 for various electrolytes 
with duramater. 
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which was not enough to give rise the required polarization, 
1 1 Eq, (7) indicates that the intercept for a plot of vs. 
t C^ 
app 2 
a t fixed V allows the value of "C to be determined. The values of 
in t e rcep t i s equal to -—— froi^ i which -C may be evaluated. The 
1 - «v 
values of ^thus evaluated are listed in Table 7. 
For the evaluation of charge density 0 , there are two li-
miting cases. In the dilute range the charge density ( 0ot) may be 
evaluated with the slope of Fig, 3: and is equated with - ~ ^  
1 1 
( 1 + --2*C)-5j , The predetermined value of 'C and/3 may be 
substituted in it and ©Ctis evaluated. Values of 6Coare listed 
in Table-10, 
In the concentrated range using eq. (7) the slope of plot 
is given by ^\"*"'^"| ^ ().— ^ ^— 6 . The graph ical values of 
2(1 - "C; In 5 
slope determined from Fig, 4 & 5 for dural-membrane is equated with 
above expression. The values of «^  and/3 predetermined are substi-
tuted and the value of charge density in concentrated range (6 c ) 
evaluated and listed in Table-10, 
The present investigations revealed that the Gd and Sc 
obtained at dilute and concentrated range respectively, agree well 
with each other (Table-10) and can safely be concluded that 
Kobatake expression is applicable to this biological membrane. These 
are the basic requirements of Kobatake theory of membranes. 
Comparison can be made for theoretical and experimental 
data and applicability of Kobatake et al, (31). Equation to the 
^5 
membranes can be tested by following analytical technique 
suggested by him; eq, (1) can be rewritten as 
^ - e " 
e^ - 1 
where q and Z are defined by 
= Z (17) 
/ A K 1 + (1 + 2.cC) i n ^ (18) 
and 
n 
z = ^2/^/xe (19) 
-^ q 
I f equation (1) i s val id then the values of l og ( " ^— ) 
e^ - 1 
ca lcu la ted from measured A J0 with the predetermined ^and A 
and the given value of o must f a l l on a s t r a igh t l i n e , which has 
a un i t slope and passes the coordinate o r ig in v;hen p lo t t ed against 
log Z (log Z may be ca lcula ted from Q.^ and predetermined value of 
oC , Aand 0 ) , This behaviour must be va l id i r r e spec t ive of the 
value of V and the kind of membrane-electrolyte system. Figure 6 
demonstrates t h a t t h i s t h e o r e t i c a l production of membrane p o t e n t i a l 
equation i s borne out qui te s a t i s f a c t o r i l y by our experimental 
r e s u l t s on dural-membrane, 
Ps i s a measure of permselect ivi ty of membrane e l ec t ro ly t e 
system. The various values of permselect iv i ty were calcula ted 
from eq. (14) by subs t i tu t ing the value of Ji^wid. t from Tables 
-Nad 
AKCl 
o NaF 
-» KF 
• KNO3 
• NH4CI 
> 
o 
Log Z 
Fig. 6. Plots of log (Y-e*/#-l) Vs log Z for duramater in contact 
with various 1:1 electrolyte solutions. 
A5 
7 & 8 for duramater. The values of Ps are given in Table-9. 
According to Kobatake's paper, i f the t ranspor t number of co-ions 
( t ) i s zero then the membrane wi l l be pe r fec t ly se lec t ive and 
^ app 
hence Ps tends to be unity. Further, if transport number of co-
ions has value in free solution then Ps will tend to be zero. 
The values of transport number are listed in the Table-8 which 
shows the value of Ps in case of durameter is tending to be zero. 
The values of Ps mentioned in Table-9 are very low, thus confirm-
ing the applicability of Kobatake's theory to tliis membrane system, 
Kobatake and Kamo (120) formulated eq, (11) for evaluation 
1 1 
of charge density, A curve, was plotted between —-; vs. — 
app *"1 
(Figures 7 & 8), The different value of charge density can be 
obtained from the slope of line of the various curves given in 
Figures (7 & 8) for duramater with various electrolytes. The 
values of)^X for different electrolytes obtained in this way are 
given in Table-10. 
Nagasawa et al, (30) derived two limiting forms of expre-
ssion for membrane potential at extremely low concentrations 
(eq, 15) and at high concentrations (eq, 16) of electrolytes res-
pectively. At extremely high concentrations eq, (16) predicts a 
^ - 1 1 
linear relationship between -Em/ — ^ — and -r— » from which we can 
also determine dx. The curve with various electrolytes for dura-
mater are shown in Figures 9 and 10. Tiae different values of JZfx 
derived from initial slope of various curves in Figures (9 &. 10) 
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for duramater with various electrolytes are given in Table-10. 
It is noted from the Table-10 that the charge density values 
of the membrane electrolyte system are low. The values derived 
from different methods are almost same. A little difference may 
be attributed to the different procedure adopted. It is conclu-
ded from the results that the methods developed by Nagasawa et al, 
and Kobatake et alo are satisfactory for the evaluation of effec-
tive fixed charge density of the system under investigation. The 
other properties of this membrane are being further investigated. 
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